The search for thermally stable polymers has led to an expanding study of organosilicon compounds. Among the most promising types seem to be those including polyhalogenated aromatic nuclei linked to the organosilicon moieties. In an effort to obtain monomeric model compounds of various structures, whose chemical and physical properties could suggest new routes to polymers of the types mentioned above and would permit a priori evaluation of the properties of such polymers, an extensive investigation of the silylation of polyhalogenated organic compounds was initiated in this laboratory. The results were rewarding, especially in the sense that several unusual and unexpected reactions were found.
INTRODUCTION
The search for thermally stable polymers has led to an expanding study of organosilicon compounds. Among the most promising types seem to be those including polyhalogenated aromatic nuclei linked to the organosilicon moieties. In an effort to obtain monomeric model compounds of various structures, whose chemical and physical properties could suggest new routes to polymers of the types mentioned above and would permit a priori evaluation of the properties of such polymers, an extensive investigation of the silylation of polyhalogenated organic compounds was initiated in this laboratory. The results were rewarding, especially in the sense that several unusual and unexpected reactions were found.
Two main approaches for the silylation of polyhalogenated compounds were considered: (a) the direct reaction of polyhalogenated compounds with lithium or magnesium and chlorotrimethylsilane or other chlorosilanes; and (b) metalation or halogen-meta! exchange between the halogenated aromatic compounds and organolithium reagents, followed by derivatization with chlorotrimethylsilane and other chlorosilanes.
It was found that the first approach, (a), gave polysilylated compounds (via Wurtz-Fittig type couplings) only when a haloaromatic compound was treated with stoichiometric amount or a slight excess of lithium ( or magnesium) and chlorotrimethylsilane. When attempts were made to force the silylation, in order to obtain highly silylated derivatives by reacting polyhaloaromatic compounds with a large excess (ten to twenty fold) of lithium and chlorotrimethylsilane, an unusual formation of tetrakis(trimethylsilyl)allene was observed with the cleavage of the aromatic ring. This happened when the aromatic parent compound contained at least four halogen atoms andfor some trimethylsilyl substituents on the ring. With p-dihalobenzenes reductive silylation occurred under similar conditions, with the formation of cyclohexadiene derivatives. Aliphatic polyhalogenated compounds, with an excess of lithium ( or magnesium) and chlorotrimethylsilane, also gave tetrakis(trimethylsilyl)allene, but mono-and di-acetylenes were obtained in certain cases.
The second approach, (b), afforded the synthesis of polysilylated halobenzenes without difficulty. In connection with these studies selective action of certain organolithium reagents was observed, as well as simultaneaus halogen-meta! and hydrogen-meta! interconversions in a polyhalogenated benzene.
A detailed presentation of these results will follow, the emphasis being upon the unusual formation of the tetrakis(trimethylsilyl)allene, in many of the reactions investigated.
The Iiterature prior to our investigations has been relatively abundant in studies of silicon-containing unsaturated systems ofboth olefinic and acetyllenic typesl-3; however, only a few allenie systems ( )C=C=C() have so far been described containing organosilicon groups. These carbon-functional organosilicon compounds have been prepared by a variety of routes, mainly by the use of organametallic compounds, but also by direct synthesis, silicon hydride addition reactions and by dehydrogenation of halogenoalkyl-silicon compoundsl-3; however, it is largely with organametallic reactions that we concern ourselves in this study.
Tetravinylsilane has been prepared from the reaction of vinylmagnesium chloride and silicon tetrachloride4; and diphenylethynyldiphenylsilane has been obtained from phenylethynyllithium and dichlorodiphenylsilane5. In marked cantrast to the large number of such compounds synthesized, compounds containing two or more silicon atomsinan unsaturated system are relatively few. Bis(trimethylsilyl)acetylene has been prepared by conventional organametallic methods6, 7 and also by an in situ Grignard synthesis, from tetrabromoethyleneS:
Bis(trimethylsilyl)butadiyne has been prepared in a two-stage reaction from ethynylmagnesium bromide and chlorotrimethylsilane and then oxidative coupling of the product, trimethylsilylacetylene, by cuprous chloride9; the Grignard reagent of diacetylene was also used in similar syntheseslO, 11. HC-CMgBr + MeaSiCl---7 HC=C-SiMea 1 Cu2Cb
XMgC=C-C=CMgX + 2MeaSiCl---7 MeaSi-C C-C C-SiMea Only a few silicon-substituted allenes have so far been described. Tetrakis-( trichlorosilyl) allene has been prepared by the reaction of carbon tetrachloride with a copper-silicon alloyl2, while some arylsilicon allenes have been obtained by indirect reactions of triphenylsilyllithium with l-bromopropenel3. Tetrakis(trimethylsilyl)allene has been prepared from the interaction of propyne and butyllithium followed by treatment with chlorotrimethylsilane; tris(trimethylsilyl)propyne was also produced in this reaction. It was assumed that the propyne initially reacts with the n-butyllithium to give tetralithiopropyne together with some trilithiopropyne14;
More recent work15 suggests that what is thought to be tetralithiopropyne may be tetralithioallene, on the basis of infrared spectra. In this case the alkyne-allene rearrangement takes place during metalation of the propyne:
Only a few organametallic reactions of polyhalo-compounds have been investigated so far. Thus, good yields of poly(trimethylsilyl)methanes have been obtained from an in situ organolithium reaction, using chlorotrimethylsilane, polyhalogenomethanes and lithium in refl.uxing tetrahydrofurans, 16.
The metallation of pentachlorobenzene17, and 1,2,4,5-tetrachlorobenzene17 with n-butyllithium to give pentachlorophenyllithium, 1,2,4,5-tetrachloro-3-lithio-and 1,2,4,5-tetrachloro-3,6-dilithiobenzenes; and the preparation of pentafl.uorophenyllithium by metalation of pentafl.uorobenzene18, as well as a similar metallation of 1,2,3,4-tetrafl.uoro-and 1,2,4,5-tetrafl.uoro-benzenes18, afforded some versatile polyhaloaromatic organolithium reagents. These are very useful as intermediates in the synthesis of polysilylated haloaromatic derivatives, and were largely explored in this laboratory19-29.
POLYSILYLATIONS OF SOME HIGHLY HALOGENATED AROMATIC COMPOUNDS (i) Reactions producing tetrakis(trimethylsilyl)allene
We have recently reported30, 31, 32 that interaction of several polyhalogenobenzenes with lithium and chlorotrimethylsilane in tetrahydrofuran (THF) gives rise to tetrakis(trimethylsilyl)allene (I) in yields of up to 52 per cent. A general procedure for this type of reaction is as follows. Addition oflithium (20 g atoms) insmall amounts at a time, to a vigorously stirred mixture of hexachlorobenzene (1 mole) and chlorotrimethylsilane (10 moles) in THF leads to an exotherrnie reaction with precipitation of lithium chloride and rapid darkening of the system. At the termination of the reaction the products are treated with dilute hydrochloric acid and the organic material extracted with ether and distilled to give tetrakis(trimethylsilyl)allene in 27·8 per cent yield, assuming the reaction:
The choice of solvent appears to have a marked effect on the yield of (I). When the above reaction was repeated in 1,2-dimethoxyethane, it proceeded at a slower rate but a 31 per cent yield of (I) was obtained after forty-eight hours. None of (I) was obtained using diethyl ether or a THF/furan (1:1) mixture as solvents. It was thought that changing the metal would have a substantial effect on the course of the reaction and this was found tobe true. Interaction of hexachlorobenzene, chlorotrimethylsilane and magnesium in THF under similar conditions to those described above gave no (1), although a rapid exotherrnie reaction occurred with consumption of the hexachlorobenzene after about thirty-six hours; vapour phase chromatography showed the presence of at least twelve components in the reaction mixture. In a similar reaction using sodium instead of magnesium no significant amount of allene (I) was obtained, and 38 per cent of unreacted hexachlorobenzene remained after twenty-four hours of vigoraus stirring. Related experiments were carried out using other perhalogenated benzenes. Hexabromobenzene reacted similarly to hexachlorobenzene with excess Iithium and chlorotrimethylsilane in THF~ giving (I) in a prompt reaction. However, hexakis(dimethylsilyl)benzene, (II), was obtained32 in a 27 per cent yield from magnesium, chlorodimethylsilane and hexabromobenzene in THF. From the corresponding reaction of hexabromobenzene with tm chlorotrimethylsilane and magnesium a small amount of a compound shown to be 1,1,3,4,6,6-hexakis(trimethylsilyl)-1,2,4,5-hexatetraene (III), was obtained32:
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This compound was also produced in low yield from 1,4-bis(trimethylsilyl)-tetrachlorobenzene, 1,4-dichlorotetrabromobenzene and hexachlorobenzene with Iithium and chlorotrimethylsilane. It has also been made more recently in fairly good yield starting with an aliphatic system (see later). It could be one of the reaction intermediates in the forrnation of (I) as experirnents have shown it to be converted by Iithium and chlorotrimethylsilane to the allene (I).
Several other polyhalogenated aromatic compounds have been subjected to similar in situ conditions, in an attempt to learn something of the reaction scheme and also to prepare (I) in higher yields. Using 1,4-bis(trimethylsilyl)tetrachlorobenzene a 52 per cent yield of (I) was obtained. For brevity the results are summarized in Table 1 . When compounds containing only twoJhalogen atoms on the aromatic nucleus, such as p-dichloro-and p-dibromobenzene (as well as p-bis (trimethylsilyl)-benzene) were subjected to the action of a liberal excess of Iithium and chlorotrimethylsilane in THF, no allene (I) was formed. Instead, extensive reduction occurred, to give a 44 per cent yield of 1,3,4,6-tetrakis(trimethylsilyl)cyclohexa-1,4-diene (VI). In addition, 2·7 per cent of 3,3,6,6-tetrakis(trimethylsilyl)cyclohexa-1,4-diene (VII) was also formed33, 34:
There is evidence to suggest that a small amount of 1,4,5,6-tetrakis(trimethylsilyl)cyclohexa-1,3-diene is also formed. A similar reductive trimethylsilylation of benzene, toluene, anisole and naphthalene35 has been reported previously. Presumably the mechanism involved in our reaction is similar to these; Iithium may add directly to the aromatic nucleus, or give anion radicals by electron transfer. The mechanism is similar to that of reduction with sodium36 or lithium37 in low molecular weight amines38.
(iii) Wurtz-Fittig type condensations
When polyhalobenzenes were reacted with Iithium (or magnesium) metal and chlorotrimethylsilane in stoichiometric amount ( or only small excess), again no allene (I) was obtained; coupling products, formed by replacement of chlorine with trimethylsilyl groups, were isolated39, as shown in the following example:
It is interesting to note that in a similar reaction of 1,2,4,5-tetrachlorobenzene, along with 1,2,4,5-tetrakis(trimethylsilyl)benzene (VIII), the allene (I) was also formed:
This suggests that the presence of at least four halogen atomsinan aromatic molecule is necessary and sufficient for allene formation.
Other examples of coupling reactions are listed in Table 2 . Table 2 . Wurtz-Fittig couplings of halobenzenes with chlorotrimethylsilane, lithium or magnesium
Halohenzene

Li Mg ClSiMes
Products isolated 
Discussion
The formation of the allene (I) by the reaction of polyhalobenzenes with a liberal excess of lithium and chlorotrimethylsilane is a rather unusual reaction. The mechanism by which (I) is formed is likely tobe complex, occurring as it does in a heterogeneaus system. The production of (I) may be the result of several reaction pa tterns each proceeding along a separate pa th. A reaction scheme accounting für the formation of (I) must take into account a number of pertinent facts. Compound (I) was formed by cleavage of an aromatic ring, thus suggesting a highly reactive intermediate. It is presumed that one molecule of the aromatic compound gives two molecules of (I). Certainly in the case of 1,4-bis( trimethylsilyl)tetrachlorobenzene this is so, as a 52 per cent yield has been obtained. Compound (I) is also formed rapidly in these reactions; in the case of trimethylsilylpentachlorobenzene and 1,4-bis(trimethylsilyl)tetrachlorobenzene, the allene (I) was detected within one minute of the commencement of the reaction. In the slower reactions, such as with the polyfluoro-compounds, varying amounts of hexamethyldisilane were formed, probably from a competing reaction between lithium and chlorotrimethylsilane2s, a factor which may contribute to the lower yields of (I) obtained from polyfluorobenzenes. The choice of solvent also appears critical; use of diethyl ether or furan as solvent or co-solvent suppresses the formation of (I).
In attempting to envisage the mechanism of formation of the allene, the reactions described above under (ii) and (iii) seem to offer indications about some stages of the reactions. Thus, the isolation of the Wurtz-Fittig coupling products from the reactions with stoichiometric amounts of lithium and chlorotrimethylsilane, suggests that the first stage of the reaction is a polytrimethylsilylation of the halobenzene.
From steric considerations, among the most highly trimethylsilylated compounds which can be formed without strain are 1,4-dichloro-tetrakis-(trimethylsilyl) benzene (IV) and 1,4-diftuoro-tetrakis(trimethylsilyl) benzene (V). Stuart-Briegleb molecular models of these compounds can be constructed without difficulty, but they show considerable strain when attempts are made to bring three or more trimethylsilyl groups in vicinal positions. No such compound has been isolated so far, although hexakis(dimethylsilyl)-benzene was prepared, as mentioned above. In this compound the less bulky SiMe2H groups do not produce significant steric hindrance. Therefore, though compounds (IV) and (V) were not isolated in the reactions which eventually give allene (I), we can consider them as possible intermediates, either as such or their reduced forms (see further).
The silylation of the haloaromatic nucleus in either Wurtz-Fittig type condensation described above, (iii), or as a stage in the formation of the allene (I), can be interpreted in two ways: (a) formation of a haloaryllithium compound, which reacts further with the chlorosilane; or (b) formation of trimethylsilyllithium which then couples with the haloaromatic nucleus.
The first alternative, (a), is suggested by the formation of pentafluorophenyllithium from bromopentafluorobenzene with Iithium amalgam in ether40, and by the vigorous reaction of hexachlorobenzene with Iithium metal, which in the absence of chlorosilanes gives a polymeric material (probably through the decomposition of pentachlorophenyllithium via benzyne-type intermediates 41 ) . At low temperatures pentachlorophenyllithium is stable and reacts with chlorotrimethylsilane to give pentachlorophenyltrimethylsilane. 42 The second alternative, (b), which assumes trimethylsilyllithium as an intermediate28, involves its possible formation from chlorotrimethylsilane and Iithium:
MeaSiCl + 2Li-+ MaeSiLi + LiCl and the isolation of hexamethyldisilane as a by-product can be explained by the following reaction:
This assumption finds some support in the recent formation of trimethylsilyllithium, prepared by refluxing bis(trimethylsilyl)mercury with Iithium in THF42a.
The reaction described above for p-dihalobenzenes, (iii), suggests that reductive silylation of the aromatic ring should be also considered as a stage in the formation of the allene (I). The complete elimination of the halogen from the aromatic molecule or from the cyclohexene derivative formed, would result in the formation of a diradical. This is in accordance with the suggestion43 that reactions of organic halides with metals proceed via intermediate formation of a free radical species on the metal surface.
Summing up such considerations, a mechanism of formation of the allene (I) could be described by the following succession of reactions:
Another hypothetical route for the formation of (I) could be via anion radical process44, in which the electron redistribution results In cleavage of the ring with the formation of two cyclopropane entities:
A part of such a series of reactions finds support in a known facile transformation of dihalocyclopropanes into allene, under the action of organolithium reagents45, 46. The observation that (I) is not formed in ether or furan as solvents can be explained by such solvents being less satisfactory for the solvation of the alkali metal cation, and hence the electron transfer from the metal to the aromatic nucleus is too slow to effect the reduction and formation of the intermediate anion radicals.
A reaction pattern can also be envisaged via a benzadiyne intermediate.
Assuming the production of 1,4-dilithiotetrahalobenzene, one can expect it to decompose rapidly at the reaction temperature. A possible mechanism could then be the following:
Li Decomposition of the dilithio compound by elimination of two molecules of lithium chloride can give a benzadiyne type intermediate (C) which could break down to an allenie radical, and further react with chlorotrimethylsilane giving the allene (I). Such a mechanism is suggested by the evidence offormationofrelated benzadiyne type species from 1,6-di:fluoro-3,5-dibromo-p-xyleneand 1,4-difluoro-2,5-dibromobenzenewithn-butyllithium47.
(iv) Silylation via metallation andjor halogen-meta! exchange I t was reported that hexachlorobenzene when treated with n-butyllithium in THF at low temperature undergoes halogen-meta! exchange, to give pentachlorophenyllithium 4 2, a reagent which was also obtained from pentachlorobenzene by metallation with n-butyllithium17. Pentachlorophenylmagnesium chloride has been prepared from hexachlorobenzene in the usual manner20. These reagents were used for the preparation of trimethylsilylpentachlorobenzene28, 4 2 Other pentachlorophenyl organosilicon derivatives were prepared by using either the organolithium or Grignard reagentl9-22, 25, 27, 29. In a similar way, pentafluorophenyllithium prepared by metallation of pentafluorobenzenelS was used for the synthesis of several pentafluorophenyl organosilicon derivatives 4 8. Other polyhalogenated benzenes were also metallated. Thus, 1,2,4,5-tetrachlorobenzene with n-butyllithium gave mono-and dilithio-derivatives17 which served as intermediates in the synthesis of mono-and disilylated tetrachlorobenzenes, (IX) 28 and other compounds, such as a disiloxane analogue of paracyclophanes25, 29, In all ofthe metallations ofpolychlorobenzenes described above the hydrogen-meta! interconversion occurs without considerable involvement of the halogen atoms. Only in few cases, minor chlorine-metal exchange 1 7 or coupling of the fluoroaromatic compound with the organolithium reagent24 was observed.
Completely unexpectedly when 1,2,3,4-tetrachlorobenzene was treated with n-butyllithium in THF at low temperature, both halogen-metal exchange and metallation occurred, which gave after derivatization with chlorotrimethylsilane a mixture of two silylated polyhalobenzenes; these were separated and identified50. Tetrachlorobenzene treated with two equivalents of n-butyllithium undergoes both halogen-metal exchange and metallation in the same molecule50:
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It is interesting to note that some organolithium reagents, other than n-butyllithium, showed remarkable selectivity in their reactions with 1,2,3,4-tetrachlorobenzene. Thus, tert-butyllithium enters into only halogen-metal exchange (with the formation of XIII), while methyllithium and phenyllithium react preferentially ( over 95 per cent) via metallation (to give XIV) 51.
In the reaction of 1,2,3-trichlorobenzene with n-butyllithium also both metallation and halogen-meta! exchange occurred concurrently50:
The reactions of other polychlorobenzene isomers with organolithium reagents, followed by derivatization with chloroorganosilanes, are currently being investigated in order to learn more about the reaction pathways and to explore the synthetic possibilities.
POLYSILYLATIONS OF SOME HIGHLY HALOGENATED ALIPHATIC COMPOUNDS (i) Reactions producing tetrakis(trimethy1sily1)allene (I)
As an extension ofthe novel reactions giving rise to tetrakis(trimethylsilyl)-allene (I) similar reactions were attempted using highly halogenated aliphatic compounds, both saturated and unsaturated52. Limited research has been clone previously in this field8, 16, mainly with one and two carbon systems.
We have found that tetrakis(trimethylsilyl)allene (I) is readily obtained from several polychlorinated alkanes and alkenes in reactions with reactive metals and chlorotrimethylsilane. In a typical case, hexachloropropene (0·1 mole) dissolved in tetrahydrofuran is added slowly to a vigorously stirred mixture of magnesium (2 g. atoms), chlorotrimethylsilane (1 mole) and tetrahydrofuran at 0°. A vigorous exotherrnie reaction occurs with separation of magnesium chloride. After subsequent work-up and fractional distillation of the reaction product a 65 per cent yield of (I) is obtained. For other polychlorocarbons the technique is essentially similar. The results are given in Table 3 . ausing Ca, Be, Al, Zn, and Cd none of (I) was obtained. bSecondary product, using tetrahydro-2-methvlfuran as solvent 11% of (I) was obtained. CMg gave a different product. · dYields calculated on basis of I mol. of the chlorocarbon producing 2 moles of (I). eNone of (I) was obtained using Mg. 
Yield qf (I)
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The reaction with hexachloropropene has been studied in greater detail. The effect of using different metals in the reaction is quite marked. Lithium and magnesium react vigorously to give (I) in high yields, usually as the only isolable product. The effect of temperature seems an important factor as substantially higher yields are obtained at oo than at zoo.
Li
CbC-CCl=CCl2 ----~ (Me3Si)2C=C=C(SiMe3)2
73%
Sodium and barium react slowly with hexachloropropene and ClSiMea to give a number of products; however, a detectable quantity of (I) is obtained. Less reactive metals (e.g., Ca, Be, Al, Zn, and Cd) do not give any (I); however, a reaction does occur and fairly good yields of perchloro-(3,4-dimethylene)cyclobutene (XVIII) are obtained; It has also been prepared in a similar synthesis but using ether as solvent53. It appears, too, that the choice ofsolvent has a marked effect ofthe course of reaction and yield of (I) ( Table 4) . In an effort to learn more of the reaction pattern, hexachloropropene was reacted with lithium ( or magnesium) in THF at zoo and the chlorotrimethylsilane was added only after the exotherrnie reaction had ceased and the excess metal was separated; subsequent work up failed to give any of (I) and only a black carbonaceous-like material was obtained. A number of reaction schemes can be proposed to explain the production of (1). lt does seem, however, that the first stage of the reaction involves reduction of the hexachloropropene by lithium; whether this gives an allene (A) or an acetylene (B) is uncertain.
Acetylene-allene isomerisations are well known and (A) could also be formed from (B) by isomerisation. Tetrachloroallene (A) is unstable at room temperatures54 and immediately dimerises; reaction of this dimer with Iithium could give rise to XVIII55. 
A related intermediate, tris(trimethylsilyl)propyne, was isolated from the reaction of trilithiopropyne and chlorotrimethylsilane and rearranged to an allene when subjected to photolysis or pyrolysis14.
Another possible reaction scheme assumes replacement of all chlorine atoms in (A) and (B) by Iithium, thereby giving tetralithioallene and tetralithiopropyne, respectively, which can then react with chlorotrimethylsilane to give (I). Similar postulates can be presented for the formation of (I) from magnesium, chlorotrimethylsilane and hexachloropropene. A WurtzFittig coupling reaction could explain the formation of (I) from tetrachloroallene (A) or tetrachloropropyne (B), but the intermediate formation of poly-Grignard reagents cannot be completely ruled out.
Tetrakis(trimethylsilyl)allene (I) was also obtained in good yields from octachloropropane, magnesium and chlorotrimethylsilane. Magnesium may reduce the saturated chlorocarbon, perhaps via hexachloropropene, to (A) or (B), which react in the manner indicated previously.
The reaction of decachlorohexa-1,5-diene (synthesized from hexachloropropene and copper bronze in a selective reduction56) with Iithium or magnesium and chlorotrimethylsilane gave interesting results. Using magnesium, a 28 per cent yield of 1,1,3,4,5,6-hexakis(trimethylsilyl)-1,2,4 ,5-hexatetraene (111) was produced, whereas with lithium a 37 per cent yield of the allene (I) resulted. The reaction can be understood as a reduction of the perchlorodiene with magnesium to give allenie or acetylenic species (in a similar manner to that obtained with hexachloropropene) and subsequent trimethylsilylation with the formation of the "biallene" (I II). The formation of the allene (I) using lithium is not surprising since it has been shown that the tetraene (111) is easily converted by lithium and chlorotrimethylsilane in THF to (I). Selective reduction of the decachlorohexa-1,5-diene with alcoholic potassium hydroxide gave good yields of octachlorohexa-1,3,5-triene57, and this compound, on treatment with Iithium and chlorotrimethylsilane at 0°, gave a 61 per cent yield of the allene (I). Producdon of (I) from the triene would require the rupture of a double bond; obviously an extensive rearrangement occurs. Such rearrangements are not unknown as was demonstrated by the formation of (I) as a secondary product in similar reactions with hexachlorobuta-1,3-diene. As a 61 per cent yield of (I) was obtained, it is concluded that one mole of the triene gives two moles of the allene (1). Perhaps the reaction proceeds by some trimethylsilylation until steric factors become important and a rearrangement to a 2,4-diyne gives a structure more easily cleaved at Alternatively, rearrangement of a 2,4-diyne backhone to a 1,2,4,5-tetraene can be considered, and this compound is cleaved by lithium and chlorotrimethylsilane.
In an extension of these studies with perhalogenated compounds we have treated 1,1,1,2,2,3,3,-heptachloropropane under similar conditions with Iithium and magnesium. Magnesium gives a mixture of two compounds, identified as tris(trimethylsilyl)allene and tris(trimethylsilyl)propyne, with none of (I) being obtained; Iithium gives a 37 per cent yield of (I), in addition to' the compounds obtained with magnesium. A similar interpretation can be put forward for the production ofthese compounds as for hexachloropropene. However, the non-isolation of (I) with magnesium suggests that the hydrogen atom is not replaced by the metal or Grignard intermediate whereas with Iithium such a replacement can occur. 
(ii) Reactions producing other allenie compounds
In an effort to produce unsaturated organosilicon compounds with a functional group attached to silicon (e.g., Si-H, Si-Cl, Si-OEt), and also to learn whether the reaction leading to the allene (I) from hexachloropropene is a general one for the synthesis of silylated allenes, we have reacted organofunctional chlorosilanes with magnesium and hexachloropropene in THF. The results are shown in Table 5 . The data obtained suggest that the reaction is a general method for the preparation of polysilylated allenes; the silicon-hydrogen bond does not seem tobe appreciably attacked by magnesium under these conditions. 
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(iii) Reactions producing mainly acetylenic compounds Recent literature58 has reported the relative inertness of hexachlorobuta-1,3-diene. We have reacted hexachlorobutadiene with a number of metals and triorganochlorosilanes in THF under a variety of conditions. The findings have been interesting, giving some rather unexpected products. The results are shown below ( Table 6 ). In a typical experiment hexachlorobutadiene (0·05 mole) dissolved in THF is added slowly to Iithium (1·0 g. atom) and chlorotrimethylsilane (0·5 mole) in THF. An exotherrnie reaction occurs immediately with precipitation of lithium chloride. Subsequent work-up gives a 40 per cent yield of the hexakis(trimethylsilyl)but-2-yne (XXI). In some cases about 5 per cent of the allene (I) is also formed as a by-product. Similar experimental procedures were used for sodium and barium; but the work-up is slightly different with magnesium, which gives bis(trimethylsilyl)buta-1,3-diyne (XXII) 59 .
As has been found with hexachloropropene, choice of solvent is a pertinent factor in the course of the reaction. Experiments using different solvents have given results essentially similar to those obtained from hexachloropropene, magnesium and chlorotrimethylsilane ( Table 7) .
In an attempt to learn something of the reaction pattern, Iithium and magnesium have been reacted with hexachlorobutadiene in THF solution, followed by addition of chlorotrimethylsilane after removal of excess metal when vapour phase chromatography reveals all the chlorocarbon has been consumed. The same result is obtained with both metals; neither hexakis-( trimethylsilyl) but-2-yne (XXI) nor bis( trimethylsilyl) butadiyne (XXII) are formed. Instead, after a vigorous reaction, the main product is a black insoluble carbonaceous-like material. This material does not absorb in the This can then react further in one of two ways: (i) attack by magnesium in a Wurtz-Fittig reaction to give XXII: or, (ii) actual formation of the di-Grignard reagent and coupling of the product with chlorotrimethylsilanelO, 11 to give XXII. Of course (ii) may provide an explanation of (i).
This reaction is essentially similar to that described in the preparation of bis(trimethylsilyl)acetylene from tetrabromoethylene, magnesium and chlorotrimethylsilane8.
The formation of the but-2-yne (XXI) is reminiscent of the production of (I) from nctachlorohexa-1,3,5-triene which is also a conjugated alkene. It is not easy to decide at which stage of the reaction the rearrangement takes place. Hexachlorobut-2-yne has not been described although the fluorine analogue is weil known61, However, under the conditions ofthe experiment it might be formed to a certain extent and the reaction with trimethyl-POLYSILYLATIONS OF SOME HIGHLY HALOGENATED HETEROCYCLIC AND MISCELLANEOUS COMPOUNDS (i) Reactions producing tetrakis(trimethylsilyl)allene (I)
In a similar manner to that described previously we have treated pentachloropyridine with Iithium (or magnesium) and chlorotrimethylsilane in THF. The reaction produces a large number of compounds, bu t we have isolated the allene (I) in 10-12 per cent yields with Iithium or magnesium at room temperature6 2 • The scheme for this reaction is unclear but presumably one can develop similar interpretations to some of those discussed for hexachlorobenzene. The fate of the nitrogen atom is, however, as yet unclear. Not surprisingly, bis (pentachlorophenyl) phenylphosphine and bis(pentafluorophenyl) phenylphosphine also give a detectable quantity of (I), although other products predomina te62.
(ii) Reactions producing hexakis(trimethylsilyl)but-2-yne (XXI)
Interest in the production of a pertrimethylsilylated acetylene starting from a perchloro-1,3-diene has prompted us to examine tetrachlorothiophene under similar conditions. The results are very similar to those found with hexachlorobuta-1,3-diene. Using Iithium and chlorotrimethylsilane in THF we have obtained a 13 per cent yield of (XXI) whereas with magnesium and chlorotrimethylsilane in THF solution we have detected none of (XXI) although a large number of unidentified products was formed59. We are uncertain of the fate of the sulphur atom although we have detected hydrogen sulphide, and organic sulphur compounds are present. The reaction could proceed by initial attack of the Iithium on the heteroatom. The hydrogen sulphide produced on hydrolysis of the reaction mixture could be due to Iithium sulphide or hexamethyldisilthian since the Si-S bond is readily broken by water63. (b) Chemical properties. The compound appears to have a strong resistance to chemical attack. This may be due in part to a steric effect but also to electronic effects in the allenie system due to the close proximity oftrimethylsilyl groups. Some reactions (and non-reactions) are listed in Table 8 . 
